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Tivi   Two-Kinged  Spandrel-Braced  Steal  Arch, 

The  arch  is  a  structure  so  arranged  that  the  supj^orting  forces 
which  result  from  loads  are  not  parallel  to  t-he  dirtiction  of  liC  ■■  n 
of  the  loads,  but  usually  act  in  the  nature  of  thrusts  on  the 
springings  of  the  arch.   In  arches  of  aiasoni'y,  concrete,  or  steel 
in  the  form  of  ri'os,  the   arch  elsvaent  is  usually  a  linear  curved 
memher  or  laemlrers  so  forraed  that  the  center  of  pressure  on  any 
section,  due  to  loads,  lies  v/ithin  the  rih.   The  arch  ring  or  ri^b 
itself  is  all  that  is  subjected  to  arch  action;  the  material  acov°, 
eonsisting  of  spandrels  and  filling,  is  so  forced  that  it  does  not 
assist  in  resisting  the  bending  stresses  on  the  arch  but  acts  only 
in  imposing  loads  on  the  arch.   This  condition  is  ^nore  perfectly 
realised  where  the  platform  or  filling  is  supported  by  posts  or 
arches  resting  on  the  arch  ring. 

In  the  spandrel-braced  arch  not  only  does  the  lo\/er  curved 
member  take  the  arch  action  but  the  entire  truss  acts  as  an  arch 
in  much  the  sane  manner  as  the  ordinary  truss  acus  as  a  "bci-v.:. 

Previous  to  deteri:iinlr:.g  the  stresses  in  any  arch  truss,  as 
in  any  other  kind  of  structure,  the  supporting  forces  of  reactions 
caused  bj'  the  loads  on  the  structure,  must  be  found.   In  a  bear,  or 
truss  not  restrained  from  moving  laterally  at  the  cupiorts  the 
reactions  are  parallel  to  the  los.ding  forces,  lisually  vertical, 
and  are  found  from  the  simple  conditions  of  static  equilibrium. 

With  the  arch,  there  is,  in  addition  to  these  vertical  re- 
actions, a  thrust  upon  the  abutments  so  that  the  reactions  c^re 
inclined  and  are  the  resultants  of  the  same  vertical  reaction 
vv'hlch  exist  on  a  beam  similarly  loaded,  combined  with  those 
directly  opposing  the  horizontal  thrust. 

a075S 


Irx  arches  of  three  hinges,  the  horizontal  thrusts  are  easily 
found.   The  hinges  provide  three  points  at  which  the  resistance 
of  the  arch  section  to  bending  is  zero.   Since  there  are  t'.-  ■ 
componentB  of  the  reactions  to  he  found  -  the  vertical  reaction 
at  each  end  and  the  horizontal  thrust  -  v;e  can  write  equations 
for  the  bending  moment  en  the  arch  in  terms  of  the  loads  and  re- 
actions, at  each  hinge;  set  them  eacl'  equal  to  zero,  since  at 
these  points  the  arch  cannot  take  bending  stresses;  and  frora  them 
solve  for  the  three  components  of  the  reactions. 

In  arc}ies  of  tvro  hinges  there  are  but  two  such  poir 
which  the  bending  norients  must  be  equal  to  zero,  so  that  the  con- 
ditions of  static  equilibritim  furnis'i  but  tv/o  equatic-  r  solv- 
ing  the  three  unknown  quantities.  The  other  equation  then  has  to 
be  supplied  by  the  elastic  defoiTiiaticn  of  the  arch  and  may  '..„.  ,., - 
rived  in  a  number  of  wa^v-s. 

The  formulas  for     .lorizontal  thrust  on  an  arch  are  usually 
expressed  in  ten.iE-  of  the  inonent  of  interia  of  the  combined  sec- 
tion and  other  quantities.   In  an  arch  rib  consisting  o^   ' ' -scr 
ring  subjectc<;     .i;h  action,  the  stnicture  above  acting  simply 
as  a  load  on  the  arch  ring,  this  ma;/  be  assuned  as  constant  or  as 
varying  as  a  function  of  the  inclination  of  the  arch,  and,  as  it 
occurs  in  suinmation  in  both  numerator  and  denominator  of  the  ex- 
pression for  the  horizontal  thrust,  its  actual  value  does  not  re~ 
quire  to  be  knovn-;.   The  condition  nakes  it  possible  to  solve  di- 
rectly for  the  stresses  in  the  sections  and  so  to  design  them.   In 
a  spandrel-braced  arch  the  mot  en':  of  inertia  does  not  varv  in 
such  a  way  that  it  can  be  f ona\.aated.  Y/hen  it  is  not  possible 
so  to  eliminate  the  moment  cf  inertia  of  the  section,  no  direct 
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solution  for  the  stresses  in  the  members  can  he  riiade  without  firet 
knowing  the  raoraent  of  inertia  of  w-.»...:.  , -.ction,  which  in  its  turn 
requires  that  the  sections  shall  have  been  previously  deterniined. 
From  this  it  is  apparent  that  the  design  of  an  arch  of  variahle 
section,  of  v/hich  the  spandrel-hraced  arch  is  an  c:x-ar".ple ,  par  ex- 
cellence,-cannot  he  nade  directly  hut  can  only  he  done  hy  methods 
of  successive  approximaticn,  i.e,  determining  the  sections  hy  some 
roxighly  approxiiaate  method .  then  using  the  section  areas  so  oh- 
tained  in  the  true  formulas  from  vrtiich  another  set  of  stresses  and 
areas  will  he  obtained  ivhich  approach  r/ioi-e  rjearly  to  the  true  ones. 
This  process  i^ay  he  repeated  tmtil  any  desired  deforce  of  accuracy 
may   he  secured. 

DeteiTdnation  of  the  React  ions* 
^  Let  the    -^rch  he  as  represented 

in  the  figure  and  he  loaded 
with  a  single  load,  /^  acting 
at  a  distance  A/   frora  the  left 
hand  ahutrcent. 
Since  the  hinges  are  fixed  in  position  the  load  v/ill  produce  two 
reacti..  J •:.- J /r/&nd /?^  inclined  somewhat  as  shown.   These  irjay  he  r«^- 
sclved  into  vertical  and  horizontal  components,  of  which  l^  and// 
and //are  the  vertical  and  horizontal  components  respectively. 
The  amount  of /V  at  each  end  is  evidentlj'-  the  saine,  for  if  they 
were  not  equal  the  horizontal  forces  acting  on  the  arch  would  he 
unbalanced  among  themselves,  which  is  contrary  to  the  condition 
of  equilihriuri  assvirned. 


By  taking  moiaents  of  t>ie  external  forces  aioout  either  hinge, 
it  is  seen  that 

I/,  -  Pr/    /c)       and     y,  ^  Fh 
which  is  the  sane  as  the  reactions  on  a  heaia  of  equa.l  span  under 

the  sarxe  load. 

The  valvie  of  H     is  the  only  part  of  the  reactions  nov;  i:nde- 
tei*mined  and  in  the  following  its  value  is  deduced. 

roiTiv-la  for  Horizontal  th.rust_» 
The  followinr  notation  v/ill  T:e  used: 

/^ssinple  vertical  load  on  arch 
/•/  -distarce  of  load  frow  left  ahutment 
/f  -reaction  at  left  hinge 
/?,::    "     "  right   " 
//  "Vertical  component  of  left  reaction 


Ks     " 
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// shcrizontal  component  of  reaction^' 
^^'-stresB  which  v/ould  exist  in  any  member  from 

the  vertical  components  only,  of  the  reaction 
T  -stress  vihich  woxild  exist  in  a,ny  nem'ber  from 

a  horiz-ontal  reaction  of  unity 
v5,=actual  stress  in  any  member  from  load  P 
A  =  sectional  ai-ea  of  any  member 
Z^ -length  of  any  member 
^  ^modulus  of  elasticity/  of  steel 
/  sdef ormation  of  any  member  due  to  load  P 
/I  ^horizontal  deflection  of  abutment  which  would 

take  place  under  F"  if  one  end  were  free  to 

move  laterally. 


There  have  come  to  our  notice  tlaree  general  methods  for  de- 
riving an  expression  for  the  horizontal  thrust.   All  depend  on 
the  elastic  deformation  of  the  arch  and  simply  involve  tlie  em- 
ployment of  different  Biethcds  to  arrive  at  the  sarae  result. 

The  first  ii;ethod  employs  the  principle  of  Least  Work  and  is 
taken  from  the  Procesdings  of  the  iLuerican  Society  of  Civil  Engi- 
neers, vol.  40,  p. 167,  where  it  is  ascrihc'     ueller-Breslau'c^, 
"Graphic-Statics. " 

This  principle  is  the  express;.     '  c.   lav.  of  nature  that 
where  the  ■ '.emhers  aaong  v/hic)/  a  given  applied  load  is  to  he  dis- 
trihuteu  ^^vc  so  arranged  that  there  are  any  numher  of  dl  .,.._. .... 
of  the  load  v/hich  v.'ill  satisfy  the  conditions  of  ste.tic  eu'  :  :  - 
"brivm,  then  the  stresses  or  supporting  forces  will  distribute 
tliemselves  so  that  the  total  ^vork  of  elastic  deformation  will  he 
a  minimum.   To  use  this  method  a  nmaher  of  *;Xprf      s  for  the 
work  of  deforraation  are  v/ritten,  involving  ,  orces  and 

various  knov/n  ci,uarititiea.   As  ma-ny   sucli  equations  can  he  wj.  .^ 

as  there  are  unknown  forces  to  be  determined. 

The  value  of  the  forces  to  make  the  v/ork  a  minimuii      ')- 
tained  hy  setting  the  first  derivatives  of  the  vrork  with  respect 
to  the  unknovm  forces  equal  to  zero  and  solving  for  the  urJ-:nov;n 
forces.   From  this  principle  two  theorems  have  been  ded-   .   y 
Castigliano:  (KiiTDi,  "Statically  Indetex-Minute  Structures") 
1  The  displacenent  of  the  point  of  application  of  an  external 
force  acting  on  a  hody  -  caused  hy  the  elastic  deforraation 
of  the  latter  -  is  equal  to  tl^e  first  derivative  of  the  work 
of  resistance  preformed  in  the  hody,  with  respect  to  the  force. 
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22    "The   partial   derivatives   of  the  v;-ork  of   resistance  with  respect 
to  the   statically   indeterminate   forces  v;hich  are   so   chosen 
that  the  forces   theraselves  preform  no  wo  t    e^iual    to   zero." 

This  principle   ic   app3J.ed'to   the  derivation  of  tiie  forniula 
for  horizontal  thrust  as  follovvs; 

The  work  done   in  any  ineriiTier  due   to   its   elastic   deformatiori   is, 

Prom  Ilooke's  Law,    the   elatitic   deformation   in  a  member   is, 


The  Vrf-ork   of   elastic  deformation   ir  ■>?  menhers    is, 

But 

vS  -  v5  V  //  r 

Prom  Castigliano,    T}\ox-en  1, 

a  /-/ 
where     A I      is   the   increment   of  chancre    in  span(if  unrestrained) 

due   to  rjj^  ,    v'le    increment    of  work   of  resistance    in  the   truss. 

.•  ^^y  =yC^4'7:+^^T^JJ- 
^  TjLL 
If   the   abutments   are  fixed   in   position,  4/=  O 
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Another  method  is  that  given  "by  Merriaan  and  Jacoby,  "Roofs 
and  Bridges,  Higher  Structures." 

If  vre  imagirx8  the  r-rch  fixed  at 
the  left  hiii£'e  but  supported 
at  the  right  hand  end  eo  that 
:;■:  is  free  to  move  horizontally 

-..  under  no  load  v;ha.tever, 

tt  may  he  assvuned  to  be  in  a  position  shovvTi  by  the  full  lines. 
if  a  load  /'is  applied^ thRre  wi"     e  plai.ce  certain  changes  in 
the  lengths  of  the  various  rnenbers,  tendin^  ..  increase  the  s->;an 
and  the  lower  chord  ^vil"   ^     position  as  sho^VTi  by  the  dotted 
line. 

If  at  t>ie  right  hand  abutraent  we  apply  a  force  which  shall 
be  just  sufficient  to  force  that  end  baclr  to  it    ■■-inal  position, 
we  will  have  duplicated  the  conditions  \7hich  exist  in  the  arch 
under  the  single  load  v;hen  both  hi.  ;  :.  are  fixed  in  position  and 
the-  horizontal  force  which  it  waf5  necessary  to  apply  at  the  right 
hand  hinge  is  the  same  as  the  horiso:     'irust  in  the  arch. 

If  V7e  derive  an  erq^resfcion  for  t...i..  ^.^fiectior.  '.:.-.  .ae  hinge 
in  the  first  case,  then  one  for  the  valu.e  of  the  deflection  of 
the  hinge  from  the  application  of  H,  we  v.'-ill  have  two  values  for 
the  deflection  which  l^.:  -_■  ^rvidentl:,  .......1,  their  ^'•alue  can  be 

equated,  and  frorri  them  a  value  of  H,  obtained. 

To  ;":":'  the  deflection  of  the  hinge  ^5"  under  load  ^   imagine 
a  force  oi  xny   axiount,  Q   to  be  applied  at  the  point  whose  deflec- 
tion is  required  a.nd  in  the  direction  of  that  deflection.   Le".  <d' 
be  the  deflection  at  that  point  from  the  application  of  Q >  T^tlie 
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streas  in  any  meinlier  caused  l:y  Q  and  S  the  corresponding  deforma- 
tion in  the  member. 

The  external  worlr  done  by  ^   m  causing  the  deformation  -^  is 

and  the  internal  work  in  any  member  is 

The  total  internal  worlr  of  deforininc;  the  truss  is  the  sivxa   of  the 
work  done  on  each  member,  or 

Since  the  total  internal  worv^the  external  v;oi-k 

Cpzl'-JTT-V 
/^  is  the  load  on  the  truss  which  produces  the  thrust  //  ,  tlie  actual 
stresses 'S,  and  the  defomatio  A    ,  in  the  nenbers,   /i    aactual 

]ncveriient  of  hinge  due  to  /^  .    External  worVs  ^ //A    -internal 

works  ^Z'vS/^ 

And 

The   def  oni\ation   of   the   truss  r.iaj'-  be   considered  as  laade  up   of 
the   su?ri  of   the  parts   contributed  by   the   deformation   in  each  nember. 

Let   ^/  be   the  portion  of  the   deflection  under   the  force   (^    due 
to   the  deforma.tion  in  any  nenibsr. 

Likewise,    let  /4/De   th.e  portion  of   ther  deflection  of   the   abut- 
ment under   the  load    /^  aue   to   the   def  oi'jnation   in  an\'  vaember. 
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y-ov   for  any  member, -rr  =  ^  since  each  term  is  the  stress  in 
the  meHiber  diYia.ed  "by  the  force,  acting  at  the  same  point,  which 
causes  the  stress.   (Stresses  in  the  members  are  dire^ctlj  propor- 
tional to  the  intensity  of  the  forces  causing  them. ) 

Substitutinr  f  or -^  its  equal, -?r  , 

This  is  the  portion  of  the  deflection  of  the  hinge  due  to  the 
Changs  in  length  oi   one  member.   The  total  deflection  equals  the 
sum  of  these  portions  for  the  different  members,  or, 

Since  the  actual  value  of  Q   is  immaterial,  let  its  value  be  taken 
as  unitv ,  so  that 

This  gives  the  deflection  of  the  right  abutment  outward  due  to  the 
load  /=". 

We  have  nov^  to  derive  another  value  of  A    from  the  effect  of 
//in  pushing  the  right  hand  hinge  back  to  its  original  position. 
Let  ^  be  the  force  applied  horizontally  at  the  abutment.  A    is 
■the  defiaction  of  the  hinge.   The  stress  in  any  member  is  ///^  and 
its  deformation,  ^ , 
.  '.External  work:;  -^  /-/A    ^internal  v/orkz  ^/YT ^ 

/-^ 

Equating   the    two  values   of    /\    obtained, 
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Another  :netliocl  for  deriving   the   value   of    //  is  that  given   uy 
Prof.    (Jreun   in  hits  'book   on   "Archea."     V^jen  the   arch    is  under  load 

certain  deformations  will   take  place 
in   the   various  riera'bers.      kh  a  result, 
//  if   one   end  v/ere  fixed  and  the   other 
free    to  move,    a  certain  a/nount   of 
movement  v/ould  take  place   at   the   free 
end.      Tlis  ^aay   ce   considersd  as.  in.ade  up    of   iseveral  parts,    t}"e   de:":^-'-- 
mation   in  each  menlier  causir>.{7,  a   certain  portion  of   the   total   change 
in  span. 

Consider   the   effect   of    the   change    in  length   of   a  single  ineni- 
"bsr,    the   other  men'oei-s  being  unaffected.      Tl:ie  free  portion  of   the 
trues  will   revolve  aoout  a  center  virhich  is   at   the   intersection   of 
the   two  Lieiiihers   Cist  by  a  section  patyaing  througn  the  tieraher  con- 
sidered.     The   aiiioimt   ot  iuOticn  of   any  point   in  the   truss    is  pro~ 
portional   to   its   distance  from  this   ceirber   of  rotation. 

Let    /n  be   the   distance  from  the   center   of   rotation  to   the 
free   end,    and    1/  the   distance   to   the  menoer.      Let  /?     be   the    defor- 
mation  in   the  mer.aber  and    (^  the   distance  ps,ssed  over  by  the   free 

end,   AD. 

.   <^  .A 

Let  ^1   be  the  liorizoxital  component  of  c^     ,  oi'  ■^^  ,    ■.-r.o.    y     ihe 
vertical  distance  from  the  free  end  to  the  center  of  rotation. 
Since  the  direction  of  motion  of  the  free  end  is  perpendiculc^r  to 
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the   radius   of   its  raotion,    the  horizontal   component   of     c^    raakea 
the    satrie   angle  with   d   t-iat   y     ,    the  vertical-  comx-onent   o]     r7i     . 
makes  with  tiij  ,  j 

Let  ///^  "be   the   stiretj,^    in  the  member  due   to /^    ^     that   due   to 
the   vei'tical   component   of   the  reaction  only,    and    <S  the   actiial 
sti'ess    in  the  member, 

A£  K"  .^/^  K 


But  _/.    7- 

K 

The   total   change   of   suan, 

With   tsTiraovahle   ahutiaents,    change    of   apai^^O 

Z 


Forrnulas  for  Cp2iputa_tion. 
The   foiTiulas   for  the,  strssaes    izi  the  nierifoers   are  arranged  for 
copiiputation  as   follov/s: 

VTe  have   the  general  foiinula  for   the  horizontal  thrust, 


or 


,    since  ^    is   the   serine  for  aJLi  iae.abers; 
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Let   ^     lie   the  lever  ar-i  of   the 
reaction     ■'      '         eareet  almtraent, 
about   the   center   of  mojaents   of     * 
^„    /rienyer.      Let   /"^      oe   the   lever 
arrn  of  the  meri'bar  an  out   its 


tter*^(!: 


center  moments. 

Then  for  any  meraber  to   the  left   of    P"     ,    the   streas   in  the  riember, 

considax'ing   the  tridge   as   si>apl^-   supported^ 

For   the   corr^tsponding   s^^TiBnetrical  member   on   the   rigl't  half    of 
the   truss, 


6'"  /^  "^ 


'^  1/ 


For  the    stress-; 


TiOth  aeri-iare 
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For  memhers  hetweon  the  load  and  thR  niddla  of  the  truss, 


.:^'/- 


--frfyi^-Pu-^PPK 


..  6^--  V  (y^^ 


For  corresponding  riemhers   on  the   right  half   of   tl-re   truss, 


./     ^<v 


^ 


>' 
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Por  the   stresses   in  hoth  2ien';>ers, 


^  Py  -~^  ^T'/r/ 


Since   tlie   trusts   is   siiirfietrical,     77    "ti^e   stresa   due   to  horizontal 
thrust   is  the   same   in  the  sionmetrical  nenhers. 
Substituting  for    ^   in  the  f orsiula  for  // 

the   Bunmiation  cover ine-   the  raeiabers    in  one  half   the   span. 


//^  P 


Let  ^   he  the  niomher  of  t^ie  panel  point  from  the  left  end  at  v/hich 
the  load  /^ is  acting.   Let  p   he  the  panel  length. 
Then  the  distance  of  the  load  from  the  left  end, 

The  stress  in  any  nemher, 

S  ^  S'+  /-^  T 

Let  /K  he  the  nuitiher  of  panels  in  the  truss. 


A 


-  r      A" 


for  menhers  to  the  left  of  P 
and 
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^      A/       y  '  ^  1/ 

for  menl:)ers   between     /^  and  thR   raiddle    of   the   truatj. 
Substituting   these  values   of  S    and  //   in  the  formula  fori5" 

6-  PL    /K    y'  -^  -f{  ,> .-.  z  -r^  J     ^ 

^^-^      A 

which  pives  the  stress  in  any  raeri"ber  due  to  loud  ■^  at  panel 

point  /7  ,  the  second  teria  beinf;  dropped,  hov/evor,  except  for 

members  between  /^  and  the  middle  of  the  truss. 
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The  gesign_»_ 

The  bridfte  selected  to  "be  designed  according  to  this  method 
is  of  the  sar.ie  general  dimensions  as  one  designed  and  "built  in 
1902  hy   the  Chicago,  Milwaukee  and  St.  Paul  Railroad  at  Iron  Moun- 
tain, Michip-an,  as  a  three3-hinge  steel  arch.   The  span  is  20?' 
and  the  depth  52',   It  is  a  single  trade  decJc  structure  with 
trusses  spaced  22  feet  center  to  center. 

The  "bridge  crosses  the  Menominee  River  and  at  that  point  the 
bajiks  consist  of  solid  granite  so  that  the  situation  is  ideal  for 
an  arch  span, 

For  this  design  the  crown  depth  was  assumed  as  8  feet,  the 
curve  of  the  lower  chord  as  a  para'oola,  and  the  span  was  divided 
into  ten  panels  of  20,7  fetrt  each.  The  sane  loadings,  unit  stresses 
and  specifications  v/ers  used  so  that  the  tv/o  designs  serve  in  a 
measure  as  a  "basis  for  comparison  of  the  two  classes  of  arches. 
The  outline  of  one-half  of  the  truss  with  the  lengths  and  lever 
arms  of  the  raenbers  is  given  in  Plate  1. 

The  live  load  is  that  Icnovyn  as  Cooper's  "Class  E-50  Loading" 
except  that  the  uniform  load  follov/iiig  the  two  locomotives  was 
assumed  as  7000  pounds  per  foot  of  track  instead  of  5000  pounds 
to  allow  for  the  excessive  weight  of  ore  trains.   The  intensitj-- 
of  the  uniform  lead  was  so  great  that  it  was  used  instead  of  lo- 
comotive concentrations  in  finding  the  stresses  in  the  trusses. 
Por  the  floor  system  the  moments  and  shears  were  greater  for  the 
concentrated  loads  than  for  the  uniform  load.   The  length  of  the 
locomotive  (without  tender)  wheel  base  "being  nearly  equal  to  the 
panel  length,  the  difference  "between  its  v;eight  and  that  of  an 
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squal  lengtli  of  imiform  load  was  taken  as  an  "excess "  load  and 
was  applied  to  two  such  alternate  panel  points  as  would  produce 
the  maxiiaiAm  stresa  in  each  member.   The  details  of  the  loadings 
are  given  in  table  1. 

The  fact  that  the  bridge  is  anchored  only  at  the  abutment 
hinpies,  while  the  largest  portion  of  the  trusses  and  connections 

and  the  live  loads  exposed  to  wind  action  are  at  a  considera- 
ble distance  above  the  anchorafre,  n;ives  rise  to  large  overturn- 
ing jnoEiants  which  act  to  produce  loads  on  the  truss,  acting  do-ATi- 
ward  on  the  leeward  side  and  upward  on  the  windward  side. 

The  distribution  of  the  wind  stresses  among  the  various 
systea^s  of  bracing  is  indeterijiinate  in  this  kind  of  a  structure, 
but  by  making  the  upper  latei-al  bracing  of  nominal  dimensions 
we  have  considered  that  the  loads  applied  at  the  upper  panel 
points  are  carried  dov/n  through  the  sway  bracing  to  the  lower 
panel  points  and  from  them  through  the  lower  system  of  lateral 
bracing  to  the  abutments.   Tliis  represents  about  the  most  direct 
way  of  transfer ing  the  wind  loads  to  the  abutments  and  was  taken 
as  the  most  probable. 

The  wind  on  the  train  was  assumed  to  act  8  feet  above  the 
middle  of  the  upper  chord  and  is  treated  as  live  load.   This 
live  v/ind  load  and  that  applied  at  the  upper  chord  producGS  an 
overturning  moment  about  the  corresponding  lov/er  chord  panel 
points.   Since  the  lovrer  chord  panel  points  are  not  in  the  same 
horizontal  plane,  the  load  at  each  panel  point  produces  an  over- 
turning moment  about  the  next  panel  point  tov/ard  the  abutment. 
The  loads  are  given  in  Table  1.   In  addition  to  the  vertical 
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loads  on  the  truss  'fron  overturning,  the  horizontal  wind  loads  act- 
ing on  the  lower  chord  and  transfered  to  it  by  the  sway  frames  pro- 
duce stresses  in  the  lower  lateral  system,  A  graphical  determina- 
tion of  the  stresses  in  the  lower  lateral  system  is  given  on  Plate 
n  and  in  Tahle  H  is  given  the  composition  of  the  lower  lateral 
system. 

The  design  of  the  intermediate  sway  hracing  is  given  ^..x  .uole 

III.  The  stresses  in  the  end  sv/ay  bracing  and  in  the  lattice  floor 
beam  are  given,  graphically,  in  Plate  IV  and  the  design  in  Table 

IV.  The  design  of  the  floor  system  is  given  in  Piu^e  V. 

As  a  preliminary  to  the  computation  of  the  stresses  a  table 
of  constants  for  the  members  of  the  truss  was  computed.   These  are 
independent  of  the  loads  on  the  truss  and  are  given  in  Table  V, 

The  stresses  in  each  member  due  to  loads  of  unity  at  the  var- 
ious panel  points,  considering  only  the  effect  of  the  vertical  re- 
actions, were  next  computed.   This  corresponds  to  the  terms 

A/    y         j/ 
The  former  is  given  in  Table  VI  and  the  latter  in  Table  Vll  for 

the  members  and  loads  to  which  it  applies.   They  are  combined  in 

Table  Vlll. 

The  tern"      ,j  n 

was  next  computed.   Since  in  this  first  trial  we  have  nothing  to 
determine  the  areas  of  the  sections,  they  are  assumed  for  this 
purpose  to  be  all  equal  so  that  the  term  cancels  out  of  the  ex- 
pression for  //  .   The  values  for  this  ext/ression  are  given  in 
Table  IX,  the  quantities  for  each  class  of  members  above  the 
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heavy  lines  "beirifr  computed  frora  the  first  tena  and  those  helov/ 
from  the  second.   Since  for  panel  loads  beyond  ^  tlere  are  no 
members  to  the  right  of  the  load,  then  for  all  succeeding  panel 
loads  only  the  first  temi  applies.   The  summations  are  obtained 
by  adding  all  the  quantities  for  one  panel  load,  all  the  signs 
being  minus  as  S    is  of  opposite  sign  to  7~  .   The  summations  for 
each  panel  load  are  divided  by  the  quantity, 

from  Table  V,  and  the  result  is  the  value  of 

for  each  unit  panel  load  in  the  expression  for  H  , 

In  Table  X  these  values  have  been  multiplied  by  the  value 
of  T"  for  each  member. 

In  Table  XI  these  stresses  from  horizontal  reactions  are  combined 
with  those  from  vertical  reactions  in  Table  \1.11  and  the  results 
are  the  actual  stresses  in  the  members  from  unit  panel  loads. 

Since  for  dead  load,  all  panel  loads  have  to  be  considered 
as  acting  at  all  times  and  as  the  same  load  is  concentrated  at 
the  corresponding  panel  points  from  the  two  ends,  some  labor  is 
saved  by  combining  the  corresponding  unit  stresses  before  multi- 
plying them  by  the  panel  loads.   These  are  given  in  Table  Xll. 
Since  the  live  and  "excess"  panel  loads  are  all  equal,  the  unit 
stresses  v/hich  will  produce  to  largest  values,  plus  and  minus, 
are  combined  in  Table  Xll.   In  Table  Xlll  are  given  the  stresses 
due  to  dead  panel  loads,  being  the  values  in  Table  Xll  multiplied 
by  the  panel  loads.   These  are  combined  and  are  given  in  the 
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ccliijui  for  Dead  Load  in  Table  TM,      In  Table  Xiv  are  given  tlie 
stresses  due  to  wind  loads,  and  under  wind  loada  in  Table  X^r  the 
siuas  of  the  stresses  of  the  sai.;e  sign  are  given.   For  the  live 
loads  the  maximun  possible  atrejjwj  of  either  kind  in  any  member 
will  take  place  when  every  panel  point  v/hich  gives  stress  of  that 
kind  is  loaded  and  ;\rhen  all  panel  points  which  give  stress  of  the 
opposite  kind  are  unloaded.   In  the  columns  of  live  load  and  ex- 
cess load  the  quantities  in  the  corresponding  columns  for  unit 
stresses  in  Table  Xll  are  multiplied  by  the  panel  loads.   The 
specified  unit  stresses  provide  that  the  sectional  area  for  live 
load  stresses  shall  be  twice  that  provided  for  equal  dead  load 
stresses,   For  this  re .  .^   the  combined  maximum  and  minimuia 
stresses  in  the  last  two  cc'l  •  ■  ;  are  ccmposed  of  all  the  live 
stresses  and  half  the  dead  load  stresses,  and  the  live  load  unit 
stresses  used  in  designing.   In  Table  XVI  is  given  the  prelimi- 
nary design  of  the  members  from  which  areas  are  obtained  :-•  '■? 
used  in  the  second  trial  for  stresses.   At  this  point  it  v/as 
thought  that  to  provide  for  factors  which  had  not  bean  considered 
in  this  preliminary,  the  stresses  should  be  increased  about  20yo» 
The  results  of  the  second  trial  indicate  that  this  was  not  neces- 
sai-y.   Since  the  wind  load  stresses  for}n  so  large  a  proportion 
of  t?ie  total  stresses,  advantage  was  taken  of  a  provision  in  the 
specifications  allowintr  an  increase  of  50/j  in  the  unit     sses 
used. 

Prom  the  areas  figured,  an  analysis  of  dead  load  was  made 

co/r?pu-fa-/-/o/7-i 
and  was  used  instead  of  the  original  dead  load  in  the  subsequent. 

The  weights  were  figured  from  the  areas  of  the  main  sections  and 
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to  jrovide  for  tfuj  uddltiorKa  \f.'ei^ht   of  conr.«ctlonu  ;jn  increase 
of  20;'  wa8  nade.      Tlio  dead  load,    in  pcmei  vvoif;ht3  is  civen  in 
Tabic  T'Tll, 

In  Table  X^.?lil  are  f^iven  the   confutationa  of  aavon^J.   con- 
stants  in  the  formulas,    introduclnr:  the  vaiiicts  of  the  aroas. 

Tho  turijeraturtj   atrecaau  woi'e  f i{turBd  from  is.  r.odif ication 
of  the  fcrr.ulfi  for  hori;:,ontai  thrust.      In  tlie  derivation  of     the 
formula  for  horizontal   thruat  by  tho  r^Jthod  of  T^oaat  V^'or'r   it  wao 
found  that 


//- 


^  ^  ^ 
where  ^  Z  lo  the  chanjnre  in  spi^n. 

If  for  /)/    is  lut   the  viilue   of  the  change   of  ej  an  vjhxch  would 
talre  jl'-ce  fron  thtj   chiinfre   in  icnft}!   of  nanbera  fron  c}iunre   in 
tenperaturo   if   th«  enda  v/ere  imre strained,   t>ic  result inr  value 
of    H  would  bo  a  thn^st  ujion  the  abut  lemta  caused  by  thut  ten- 
dency to  cliii-ngG   of  upjin, 

where    t    ia   the  coefficiert  of  linear  ax}.imsion  )  er  def^roo    ■i^h- 
rcnheit  for  Gtecl,     t   th.e   ranf^o    in   tenperaturo  above   or  bclov; 
the  norimil  and    /    thc5   apan.        The   terra 

ia  Eoro  since  for  horlKontal   reaction  only    ^5^  ^  io  i:ero. 

The  atrean   in  any  nember  due   to  tenperatui'o   chunre  -..ill    - 
then  bo  the  horizontal   thn.'.»t  Qo^^.   to   that  chiinrte  nultiplicd  "k)}/ 


The  following  values  for  the  quantities  were  taken. 

A  -29000  kips 
e    :;.  00000  65 
Z  --0?  feet 
/  a  ^'0  ,  -oO 
.  .'  S      -^'■QQpx.'0pQ006_5x9px20?  7" 


/4 


7" 

sl755.87b  ^X^ 
-^  ^ 

Prom  Table  X^,all 

Z"^  s24.665 
so  that  S^   37.144  T 

The  values  of  (Sp^for  each  inemher  is  given  in  the  last  columns 
in  Tahle  X^ail. 

Tahles  XIX  to  XXIO.  are  similar  to  -chose  previously  mentioned 
and  are  self  explanatory. 

In  Talle  XX^7il  is  given  the  detailed  designs  of  the  sections 
as  finally  adopted  and  on  Piute  Yl  a  general  drawing  of  the 
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15  00 


/SCO 
5910 


59/0 


ie60\      28  so 


2200 
7500 


76  72 


3020 
590O 


ZZ50 

/3/00 


4SSO 


9750  \    I3460 


9310 

a277G 


69/0 


9940 


8400  I     I6420       2  7 200 


729  SO      23330 


/8650 


37/4-0 
23550 


1 82  00       30/50 
3  68  SO      5370c 


7410         /00  72       10000       35720        60/60      9084O 


ASMO0B 
INSXXnjTE  OJPTi:CHNOI.OeX 

,>.»ttttA  BX, 


LOyVEH    LATERAL    SYSTfTM 


3 CO /e  -  ffo  '=/' 


Dead   Load  5 hea r  - /OOOO   "  /' 


oeaa 

L  oad 


^92.00 


78  groo 


/V       Load 


/.ood 


S^SOOll/^       3  8000      36  000 


8720o\l/j       Z9000      Z9000 


\/0./  8O0      //Z700 


/Z3C,00 


//■9Coo\  /Z7ooo\ 


y^    z/000 

y^      /zooo 


zzooo 


/7000 


SOOO       /Z500 


4-9 iOO      S-^SOOlZf,      S7000       6  6  000 


7eaoo     87zoo\dA  43000     sjooo 


/O/8O0     //Z700JZ>j      Z9SO0      42000 


///SOO     /23C00    D4.       /6SOO      30000 
4Z0OO       43500     D<\     SSOO      23OO0 


D£5  /GAf 

of 
SPAA/-TIVO  H/NCED 
SPANDfl£L  BRACED  ARCH 
C/i^/L  £-A/C/A/£rfi//^C  D£:PAfirAf£N7 

A/?/iO(//^  /A/sr/rur£  oft£cha/olocy 

T-z.  f  /foe  L.S^ei^ens 


AJtMOTTH 


£ND    Sl4/'Ay    BflAC//VG 


/JfSO"*^ 


\A/\     S/ress 


AL     -84-000     OP     -/270OO  Kl      ^33000 

AN    '97000     PO     */S7000         TA/  O 


\At\-9  7000      \os\-/27000 


\<PN\-^  7/0  00 


BS      -770  0  0     \AiE    -/4-OO00  O/V     -Z/OOO 

■ST     ^ /2000o\/cF  -  /  6  6  O  O  0         l^fi     -84-000 


\SPI      -97000    \AH  \-/0000  \E P\   -  93000 


/V/V   ^2-9-0OO 


- Z8000 


n£3/GA/ 

Of 

SPAA/DflCL     BAIAC£I}  A£ICH 
C/i^/l  £A/G/A/££H/A/C  I?£PA fiT/^£N7 

^flAiOL//i  /A/sr/n/rs  or  rrcu/vocooy 
^'^  Tr//ikacfS</i 


AIIMO0B 
IX. 


Table  11    Design  of   the  Loi/ver  Lateral  Syste/^ 
Members  to  consist  of  four  ang/es  jp/aced  in  pairs  ^S"jbocf(fo  back 

Equivalenf     ComposiHonVlom.of  Rod  of  Unlf    | 

'""'     D.LSfress      of/^.^6er    Inertia    ^^^^^    O^.Hon  ^'"^'  Sfres.r'^ ''''''''  ""''''' 


\LLV^ 


Oymfioti 


l.l.V,  /07ES0   ^/S3i"x3i"4  /63  /3.00  3.S^  2Z  8S30  110900  980 

LLV^  9a000  4/.^3"x3'\i"  ^^^  1 1 00  3.S7  22.  8566  9440  0  830 

LLV3  72500   4Z^J"a3"a§"  /^^  8.44  3.S^  2Z  SSOO  7/ 700  630 

LLV^  4/s3\2"x^"  /OS  6.44  3.Se  ^a  3500  11700  630 

LLVs  ^^3\3"^i"  /OS  6.44  3.S2  22.  8500  71700  630 

LLD,  1 56  000    4-As4'\4"x^"  9.00  /8000  161300  Z540 


Stress 


LLDz  /zasoo   4^4\4'\^" 

LLD3  9asoo  4^4-\4\f6 

LLD^  6/500  4Z-^J"Aj"xi" 

"^-  4Z.^3\3\^" 


/aooo  1 61  a  00  2S40 

/aOOO  UI400  1880 

/6OOO  94500  /420 

/8000  63100  /020 

/SOOO  54OO0  870 


Table  IR  Desion  of  Inter/Mediate  Sway  B/^ac/n6 


/Member 


SFD, 

SFD^ 

SFD^ 

SFD^ 

SFDs 


Inclinalion 
lo  Horizonf. 


SS°38' 
4E'3' 
20°3d' 
l4-°40' 


S  f-rsss 


E39ao 

131  80 
16025 
13950 


Net  A  rea 


IO^ia'\      137  20 


1.16 
1.14 


Composition 


/L  3i"K2i"xi" 


yVeight 


/.99  II  4-"^  5'\%"  578 
1.52  IL  3i"^2fx§"  340 
1.34       /ZJi"x^J"x,V      2  70 


Table IV Des/6/^  of  End  Sway  Sfac//v6 


^      ,  e,.               Co/vposilion  /Mom.of^    .           RaJo-f 

nemb.  Stress          ^   L       i.         ,      j.-     ^f^^     ^ 

of  rlember  Inerha  6yraf/a 

SHI  /09800  2/S6\6"x^'       56     /6S3      /.83 

ESH2  113000  2/£6"^6"x^"                /3^8 

ESH3  20300    4/i2'\3\i"        50       8.44     2.44 

ESDl£  /5ISOO  2/s8\S\^"      /39    22.88    2.47 

ESDIm  9600    IL  3"x3"x§''                     .75 

ESD2  25000     /Z  4"x4Vi"                  2.75 


l''.yl''J."\ 


ES£>3     53000     //.4\4"^i 


ESVJ\  117000 


Lengfh  Safe  Load  yVei^/il 


2100  j     7640    129000    /260 

2200     /OOOd.  /36800      /260 
P7>nn      6520\        <r/rnn         A^n 


22.00 


SSOO 


/0.26     77 60    1 77000  8 00 
/ 0.97 J 2500        9500  80 

26.22  /2SO0\    34400  350 

1 

35.73  /2SO0'    54400  460 


97  \  /5.50\    2S0\      750\   7560   111000        400 


ARMOtTH 
INSTITUTE  OF  ITSCHNOLOaX 


Plate  V     Design  of  Floor  Sys  ten 


Span   ao.  7  '       Dep^h    ^3" 

Afax.  er/d  shear    3J7SOO  /n.-pour>£/s     for  //ye/offd 

'^^^^>^ao.8'pi/a   =   M^SOO/n-/bs  D.L 
Total  L.  L  momenl^  =  3  447 £SO  in.  -  Ib^ 


^-_  7.7e''/.7S-.6a7S''. 


7  7a  -  J  «,<sa  is-x  .S7J- 


7  7a  -  /.  so 


Effec  fire  depfh  =  33-I.80-/7S  =d^.4-S' 


End  Shear  =  63900" 

A/lci^ed   S/ress  =  /O.OO0-7SH      H-  f 
6J900  -(/O  OOO  -7S  ^)£Sf 

_^„ /        ^^    -,_,^  /         63900+SSSOC         /„ 

Weight       2/$o  h  //60  =3JS-o'* 

Ler7<pfh,  rrtiddJe,    S'fe  Z.eng/-/>,  ends,  7.S^  S  &c  e> ,  -  /.OSS    <9^  ,  /.074- 

LoQ d  93 00  '^/pane/        Stress  ,  /tv idd/e,  93 OO  x  /.OSS  =9860,  end  =  9300^^ /.O 74 
Area    end ^    .32.   sq.in-      / ^  3 '><  2^"xjg"      y</f.'S7. 
Area,m/d.     .83   sq./n.    JZ3'^2f"x^"     ivt-92 
Area,  upper  3.56^^. /n    ^L?3"x3"^§"        w  1^.^98 


B£A/^l 


- JS700' 


Span   ES'     DepM  40"         D.^- mom.  ^ E>^3:5SO +  450>'.ao.7  ^  iSl 
//     cj A„-_.  ^«^c//o^    175000"      £:qoiir-foiol  l.L.     162800 


,f  =  9/40OA  7x  /£  -  7  700  000 


^e    <S^c5'xj"Z5       ^-- 


/3.^3  -  •*«  .  B^S- 


'  /3  23-  J.-5-0     -    c:.'^  f 


£  '.S.  73  *J9..9^t 


--  ax 693900  =  /S7SOO'  /]//oir^.ed S^re^  -.    /OOOO  -  7^// 


S=  Ooooc  -  7Sj:)Z&  f  =  aSOOOO  /  'Z/Ood      f-  - 

yVeighf  =  39SC-I-SS.4C  =  es-oo 


sae  00  _   3/  // 


ARSTOCTH 
XNSTIXDXE  Oi   rBOHNOtOGT 


TL\    T'^L 


TableV.  Constants   of  the  T/?iJss  Members 


Length      u  V 


20.70aZO.700  36.160  .S7Z5  l5.8^  .4361  \  9-068  S.I96  .S724\  5.19  3.97 
a0.700  41.400  £3840  n>36S  28.16  /.I8I2\24  45S  42.4S3  .8683  21.23  2636 
20700  62100  15.040  41290  36.96  \2.4S74\S0.863  20/0/  1.3763  70.01  /£4.99 
20.  700  82.800  S.  760  6.4859  42.^4\4.328o\  69  587  7S9.9S  2.IS09  190.02  367.73 
20.  700103500  6.000'f2.9380  44.00  S.5OO0  113840  1472.80  2.5675  234.58  626.10 
26.066     0         4I.29S'.  52.00   J.  2593  32.635  .5013       16.46    41.33 

Z4. 088  20.700  31074  .6661  52.00  1.6734  40.310  Z6.8S0  .666a  26.64\  6745 
22.493  41.400  2/940  1.8871  52.00  2.3701  533/0  / 00. S9  .9435  50.131/2655 
21.3/4  62.100  /4.573  4.2618  52.00  3.5662  76.05032330  /.4208  /08.05\  27/36 
2Q747. 62.800  S738  8.5035  52.00  S.3400 110.780  942.0/  21258  235.4^,59/55 
52.000  67.953  67953  1 0000  52.00  .7652  39.739  39.788  3046  /212  30.44 
36.160  81456  60756  /. 3408  5200  .8559  30948  4/492  .3407  /0.54\  26.49 
23.840  97.479  56.079 /.7383  52.00  .3273  22.108  38.425  .369/  816  20.52 
/5. 040/2/064   58.964  2.053/    52.00      .88/9    13.265  27232     .357/       4.66     I/.70 

9.760  /9T 592/ /4.792  /7230    5200     .4530    4.421      7.6/6     J803       .80      2.00 

6. 000 

4/6.66  67953  58.974 //52 2  52.00  .88/7  36.732  42.323  .35/0  12.89  3239 
5/.  573  8/.456  45.877  /.7754  52.00  / 7335  35.735  63.532  .45/2  /6./2  40.5/ 
25.587  9Z47S  32.96/ 19376  52.00  /  57 76  40.363  / 79.38  .6280  25^5  63.69 
22.88^/2/064  24.573  4.9265    5200  2.//61  4^.430  23858      .8424    40.80    102.48 


Table  VI 


/o-n   u 
/o      V 


Ui  .5/52     .4580  .4Q0T\  .J4JJ|  .^86^^290     ./7/7\  .//45    .0573 

Ui  L5629  /.3S93  7.2/56   /.0479    .6683  .6946    .52/0  ^473  .1736 

Us  3.1/60  3.303/  28903  2.4773  2.0643  7.65/6  /. 2384  .32S8    .4129 

(A  76352  6.7868  S.9383  50902  4.24/6  339/5  2.5452 /.696S    .8484 

L/s  7/6438  10.3500  9.0563  7.76ZS   6.4687  5.7750  3.88/3  2.5875  7.2935 


U  .5995    .5329    .4664   .3997    .333/     .2665  .7998    .7332    .0666 

Ls  /.6982  L5096  7.3209  7/322     .9434    .7546    .566/     .3774   .7687 

U  3.8355  3.4094  2.9829  2  5570  2.7308   7.7046  72783     .8522    .426/ 

Ls  76530  6. 8025  5.9520  5  /O20  4.25/5  34072  2. 5570  7  7005     8504 

Vo  .9000       8000.7000     .6000    5000    .4000    .3000.2000     .7000 

V,  7.204/     /.0726    .9386    .8045  .6704     .5363    .4022    .2682     .134/ 

Vi  /5646    73907  7.2/69   70430    .8692    .6954    .5215   .3477    .7738 

Vj  7.8480    76427  7.4374    /.2J23  70267     .82/4     .6760    .4707     .2053 

J4  J.5506  73784  72057  7.0337    .8675     .6892    5/69    .3446      .7723 

Vs  O            0            0            O      /.OOOO       0           0            0            0 

Di  7.0370    .92/8     .8C66     .6975    .5767     .4609    .3457  .2304    .7/52 

D^  7.5979  7 4203  7.2427  7.06S3    8876   .7/0/    .5526  .355/     .7775 

Da  2.66/9  2.3667  2.O704  77746   7.4788  1.783/    .8873   .597S  .2958 

£^  4.4-343  39476  3.4490  2.9563  2.4636  I.9709  7.478/    .9854    .4927 
.297e\3.8203  3.3428  3.  S6Sa  2.3373  f.9/oa     /.43ZS    .9SS/     .4775 


ATtMOTTH 

INSTITUTE  OF  •J'ECHNOI.OOT 

t.1  HKAMX. 


Table  VII 


Mem.  loacj        U  -np 


Uz  I  20. 7 

Us  I         41.4 

U3         2.         20. 7 
I/*         I         62.1 
II'.        2  41.4- 

_..        J         20.7 
Us        I         82.8 
621 
41.4 
I  /A  I      ^,         20.7 


Afemh.  Load    u-np 


23.84-  869 

15.04  a.7S8  Vs  I 

IS.O^  1.576  Vs  2 

9.7G  6.362  V^  I 

9.76  4.242  J4  2 

9.76  2.121  /*  J 

8.00  /0.3S0  Di.  I 

8.00  7.762  Os  I 

8.00  S./7S  £h  2 

6.00  2.588  D*  I 

2I.940             .944  D*  2 

14.573  2841  D*  3 

14.573  1.4  2  o  Ds  I 

9.  738  6.377  a 

9.738  4.25/5  Ds  o 

9.738  2.l2e  Ds  ■' 


76.779 

/ 00.36  f 

79.664 

176.692 

J56./92 

735.492 

60. 756 

76.  779 

56.07S 

/00.364 

79.664 

S8.964 

176.692 

156.192 

135.492 

1/4.  792 


56.079 

S8.964 

S8.964 

//4.  792 

//4.  792 

1/4  792 

45.877 

3296/ 

32.96/ 

24. 573 

24  573 

24.573 

4/381 

4/381 

4/361 

4/381 


Table y///  Stresses  Due  to  yE/^7/cAL  Reac7/on5  fro/^  l//v/r  Ioads 


Ui  .5I5Z     .4560     .4007    .3435\  .2662    .2290   ./7I7      .1/45    .0573 

/Ja  .6939  /.3893  /.2/56  1.04/9    .8683    .6946    .52/0    .3473   .1736 

Us  .9603  1.9268  2.8903  2.4773  2.0645  /65/6   / 2384      6Z58    .4/29 
/. 2737 2.5448  3.3174  5.0302  4.24/8  3.3935  2.5452  1.6966   .6484 

r  1.2938  2.5677  3.6SIO  5.1748  6.4687  S./750  3.88/3  2.5675  1.2935 

',00  0            0            00000 

I  .5996  .5329     .4664  .3997    .3331     .2665  ./99a    ./332    .0666 

U  .7547 /. 5096    1.3209  7/322    .9435    .7548.566/    .3774    .1887 

U  .9945 /.9S90  2.9629  2.5570 2. /308    1.7045 7.2783    .S52Z     .^26/ 

Ls  7.2756  2.SS/0  3.6263  S/02C4.ZS/S  3.40/2  3.55/0   /700S  .8504\ 

Vo  .9000    .8000    :7000     .6000  .5000    .4000  .ZOO 0     .2000  .1000 

Vi  /.204/    /.0726    .9386    .8046.. 6704    .5363  .4402     .2682   ./34/ 

l/i  ./955  /.3907  /2/69    /.0430    .3692     .5954.52/5      .3477   .1738 

l/j  ./455  .29/5  /.4374  /2323  7.0267    .82/4    .6/60     .4/0-^    .2C53 

Va.  .0096  .0/76    .0253  /.03^7    .86/5    .6B9a    .5/69      .3446    ./723 

Vs  o        a        o         0      /.oooo      0        0        0         o    , 


Di  /.037O   .92/6     .8066    .6975  .576/      .4609    .3457  .2304    .//52 

Da  .2737  /.4203  /.2427   10653  .8876      .7/02    .5326  .355/   ./775 

Ds  .3324    .6647  2.07O4  /.7746  /.4766  /I63I  .8873  .59/5.2958 

Of-  .35/3     .6963 /0740  2-9563  24636  /.9709 /.476/  .9854.4927 

Ds  .0226     .0453  .067/     .0907  2.3878  1.9/02  /.4328  .955/  .4775 


JJJSTlTP'i'E  OF  n';CHNOI-OeX 

^    It^K^  Kit. 


AHMOTJB 

INSTITUTE  OS  rECHNOiOOT 

l.i»Ha  WJt. 


Tabl£X/   3tr£^ses    due  to    Un/t   Panel  Loads 


u>  -  .^^£9 -  a&oa  -  j4S6-  .ozsi  i- .0S93  +.1170  +.1743-1-. 23 is  +. zaii 

Uz  -  Ai'ld-.eS^O - . 5303 -  .1835  a  06^  f. 2381  -h.  4117  f  S8S4 1  7SSI 

Uj  -  44?J  -.9297-/A6-^8'.69/7-J24f  t2886  f.  7020i-/.  1146+1.5273 

^4  '.3614   -  7388-1.3063  -I.94SI  -.6243  4.  O240  +  8  723+1. 7207+2.5691 

Us  './3'^5  -.3559-690/  -/J78I  -2.IZ32  -.8293  +.4642f/.  7S8Ci-3.O520 

Li  -.2654-.5IIO  -.7306-.9I3I  -.9943  -9943  -.9943  -.9945   -.9943 

Lz  +2467  -  146/  ~.5046  -.8/63  -.9983  -I.OS49  -1.21/6  -/  I6S2-/.254S 

Ls  '■.253/  +.5^76-.OS42-.5902~.92ao -1 1117  -1.3054-1.494,  -/682i 

L4.  f.  2*2.3  +  5420  +.  9/Z6  -  0360  -.6867  -/I  /30  -  5392  -/.  geSi,  -2  3  9/4 

Ls  +.  1502  +.384/  +.  7232  +/.22/34-.03SO  -6/53  -/  663i  -2.5/70-33661 

Vc  -  736 7  -.  489S  -265/  -  O440  +  /042  +.2042  +.  3042  +4042  -f-5042 

I//  ■!.  0237  -  7252  -.  4421  -.  /82S  4.  0054  +.  /395  *  2356  +.  4076 1 54/  7 

^  0       -/.  0/44  -.6789 -.3691  -J.370   +.  0368  -^.2/07  +.3846  +.5584^ 

l/s  +.  C^OI   +. 0664  -.9259 - S9/6  -.3303  -.  /250  -.OS04  +.2851  +. 491/ 

lA  +0SS9  f. /66C -.Z370  -  7/76  -5033  -33/5  -  /9S2.  +  0/3/  +  /8S4 

Vs  0            0           0           0      4.0000      0           0           0          0 

D,  t  65//   ■+.  6640  +  295c+.OSOS  -/20/   -.2353 -350S-.4658  -58/0 

Di  h 034 7  f. 9603  +.  585/  4 £4/6  ~. 00 74 -. /&49  -.3524  - 5399  -.  7/ 75   . 

Ds  0       /.  0245  +L/55/  /.  32&/  +.2332  -.  0626  -.3583  -.654/  -79498 

Of  -.0946  -./620   -:/S3S+/.4/S5  4  7641  +.29Z0  ■:200s  -.6936-7/862 


Table X//.  SuriTiARY  of'Stt^esses  fro/^  Ut/it  Panel  Load^ 


n      \/49    \  Ei-e  \  3t7     4-+e        S       Total 4    ToM -  \Eccess 4\Excess -\ 


U,  -.1342  -0467-0288-09/9  -.0398  .87/3.8  737  .4630.5684 
Ue  ■h.3142  '0686  -//S6  4.0546  +.0044  2 OS87  /6/27  //708  .9752 
U3    Vl.08S2  +.1859  +  7628  -. 4029  -724/  ^.63293.65262.2296  /907 / 


U^   fE208l\  4.93 /9\ -.  4342\-/.92ll  \-  824S\5. 786 /\  4.226/\3. 64/4X2.7339 


Us  Z.9/7S+/.402/-2Z59-2.0076-E./232  5.2742  53//3  3.S/62  £8/33 

L,  -/.£597 -/ 5053 -/7249-/9094 -.9943      0        73936       O      /.9686 

U  -/  008/  -73343-/626/  -/  67/2  -.9883   .2467  7.0747  .2467  3.3764 

U  -7.4£77- 9463 -73596-7 7079- 9£80   .8029  77724  .5476 £9882 

U  '£.  159/  -/.4£33  -  6266\-/  /490  .686 7   /. 6969  737/5  //S49  3.9306 

Ls  -3.2759  -B.7329  -.9373  +.  4062  +  0352  £.5/90  6.3639  / 6056 S 03/6 

}/o  -2345  -.0853  4.038/  4  7602  +  7042  752/0  75373  .6084  7.0038 

Vi  -.4 620  -. 3/ 76  - 2069 -. 0430  +. 0054 7.3298  2.3735  .7773  / 46S8 

Va  h55S4  -.6299  -4682  -.3323  -/J70  I./904  2/994   .7691  '.3835 

Vs  ^53/2  +.3521  +.8456-7766    -3303  .9637  79728   .57/5/2562 

17*  f.27/3  +.779/  -.  3962 -7049/\- 5038  .4504  7949/   .7654  7 049/ 

Vs  0          0          0          0     -lOOOO     0      70000     0     loooo 

Di  +.270/    +.0982 -.0553  -.7845 -./20/  /.76/I  /.7527  7/'H>3    .9316 

Ds  -.6326    +.4204  +.2327  +0567  -.0074  /.82/7  7802/  /.20/9  7.0699 

Dz  -.9498  -.6296  A 806S  +26S6  +.  2332  7  7409  20247  7.3883  7.308 1 

Ck-  -723/0  ~.855S  -.  35467- 77706  f.  76472.4957: 2.4911  /.  7/06  73870 

Ds  -  7370  -.50/7  --.22/6  4  8055\+/.3e58^2.7538  2.743a  /  8358  72877 


INSTITUTE  OP  IISCHJSOi-OQI 


Table  x///.  ^t/?ess£s  due  to  Dead  Load 


/f9  2i-8 


^4.3         £1.^ 


-3.26         -1.04 


-23.  II 
-30.93 


^i-S         3-1-7  ^i-6 


£1.^  19.9  16.7 


-/.  04  /.  S6  //.  72 

-6.9S        -£.34  -11.  O^ 


i-7.66         -6.9S  -£34  4I.O^ 

i- 26.3 2        i-4.00  -/S./3  -7.S3 

i- 33.11  iZC.OZ  -8.se  -36.89 

f7034  +30.05  -446  -37  58 

-30.64  -3223  -34.3S  -35.11 

-24.53  -28.59  -32.35  -35.00 

-34.73  ^20.28  -27. /O  -Z/.92 


-5228  -30.44 

-18.ZS  -48.71 

-5.68  -1.82. 

-/I.  70  -6. 78 

f/3.S9  -73.46 

+12.93  +7.55 


-/2.S3  -21.49 

-18.76  +^.53 

+  95  +  2.99 

-4. 10  -.60 


-9.30 


-6.20 
-1339 


+6.54        +2.09 
-16.82  +8.96 


-1350 
-16.19 


-1 8.42         -1015 


17.3 


+12.93  +7.55  \-/6.8l  -J339  -5.7C 

+S.60  +3.84  +J.56  -20.37  -8.71 

O                 O                 0                 0  -J230 

+6.54  +2.09         -1.12  -3.45  -2.09 


-236 
-S.70 


-1.12  -345  -2.09 

f4.4E  +1.06        +-./0 

+  13.84  +7056  +4.0/ 

-6.92  +3212  +13. 68 

-4.41  +1.79  +24.13 


Tota/  y-       7o+al  - 


+  I.04  3.32 

+1.13  9.64 

-2./ 2         30.32 
-14.20         73.73 

-36. 71       /00.99 

-1722 

-77/2 

-76.03 

-//.93 
+  53 


73.59 
20.48 

/2.00 

O 

8.63 

/4.S4 

30.41 

45.80 

25.92 


4.3  O 
9.23 
24.76 
53.  G7 
78.75 
/S0.35 
/3762. 
/  3  0.0  2 
728.67 
J3760 
7  SO 
2348 
34.32 
3S.9q 
2  9.  OS 
/7.30 
6.66 
/6.82 
36.6/ 
56. 04 
33.56 


Table X /v.  St/fesses    due  to  W/nd  Loads 


F=       60.2      3S7\    /9.0 


7.4    \  /O./       79.0  \35.7  \  60.2 


i/i  -25.47-/0.00-278      -.26     +.44-    +//9    7-3.32    +8.27+7734 

Uz  -26.79   -32.49 -70.07    -/.86      +.43+2.41    +784+2093+45.15 

U3  -26.63-33/8-2782  -700    -  .9/   +-2.93  +73.37  +39.86 +92.07 

LA  -2/. 97  -28.77-24.8/  -19.63  -6.07  +737  +  76.63 +67SS^/S4.8& 

Us  ~8./l    -72.72 -73. /O   -//33  -/57f  -  &.36  +  915  +62.62'/83.B2 

Li  -15.98   -/ 8.24-73.88    -923    -736   -70.OS -/S.9/   -3557    '59.9/ 

Li  +/-+.&6     -S.S^     -S.ss\   -S.^2     -7.33\  -/0.i,l  -2/.J3   -^2.68   ■yS^.&f 

U  +/S36  f-79.S7  -7.03   -S.9S   -6.83  -/730  -24.83  -S3.4I  -IOI.4I 

L-^  +/4.60+/9.3/\+/73S    -.34    -S.70  -7/26   -29.29   -70.26-/44I3 

Ls  +  9.0SH3.72'+/3.9S  +2.36  +■   .23   -3.2S  -3772  -89.97-202.81 

Vo  -44.47-77.48-4.87    -.4-2    +.77    +2.07  +5.79+/ 4.45 +30.39 

I//  -6/.62-2S.89\~8.^0   -/.84    +  .06  +/.4/  +4.49  f/4.58 +32.65 

^  O      -36.26\-72.90  -3.73    -7.0/     +  .38  +  4.01  +73.76  +33.76 

l/j  +2.42   +236-/1.59     -5.98  -2.44-    - /.26    +/.54 +/0.23  +29.3C 

y^  +5.11    +5.96   +4.45    -7/2    -3.73   -3.34   -3.02     +.48  4/ 1. /S 

l/s  0  0  0  0        -7.40       0  0  0  0 

D,  +57.22 +20./4  +5.6/    +3^9     -.90-2.39    -6.67-76.66-350/ 

D£  f2.09 +34.27  +//.//   +2.46    -.06   -1.88   -6.90 -79.32 -4325 

Dj  O        +  .86  4-27.9S+635    /// 7/     -.6-+-    -6.83  -23.40-57.24 

Z>  'S.70     -5.78-2.9/  +14.34  +5.85   +3.03  -3.69-24-51  -7/ -02 

Dj-  -l4.Sa   -76.5S-73.S7  -8.29  +/0.32+936   +8.26  - /.5S  \-3705 
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Table  XV        To  tal  Maximum  and  MmiMUM  Stresses 


\D£ADl'd  WIND  LOAD    WNIFORM LIVEL\EXCESSLirElOAA    TOTALSTHESS   I 


Vlai^^.MinXMcKtX  M;nT\MaK-h\riin-\MaA.+   \nin.-\    hox.f       \     Min- 


-.96    J0.S6   33.5/     69.56    69.Si  /S5f     18.73       I £.2.7 1  /SZdV 

+.5^    17.4-E    71. Zl    163.77  /6^.5;  38.66  36.//  280./J  ZlT.Qa. 

iS.e4  /4-8.a3   9S.&4- 269.49  £90.^i  73.66   62.92      514.22  ^PS.SS 

f  14.06 a40.37  100.65  4/3.'^3  4/S.36  //3.&I    90.^4     7  74.64     738.94- 

f-22.64- 255.7S    69.67  419.77  422.Zi  / 16.16  92.6/  602.34  759.73 

-150.^      O       / 89.13       O      S83.0S  O        6S.70  /J3.9S  9/8  oa 

-137.62     14.86  /60.6t     /9.6B562.85  3.14-    73.S/  /39.60  690.82 

-/30.0k    3093  204.8/    66.5^370.69  I Q.Ot   96.7S  22I.70  939.26 

-726.67   S/.26  26056  /34B0  6/S6C  36. /2  729.82  36897  7070.I4- 

-13760  4-9 30  332.84  J99.  ^  666.3^  53 09  /66.5£  5/6.  S3  723  4.  ZO 

-3235  S3.47  /S8./7  72/65  230.44  26.72  49/5  290.37  453.94 

-23.46  63.18     9775  I OS.96  168.68  25.69  4737  2/7  66  345.54 

-77.73    S/31     53.90    9492  / 7 5.56  25.55  45.67  / 65.3-4  E&3.94- 

-7542  45.85    27Z7    76.85/56.76  76.89  4-/. 44-  733.6  8  251.73 

-76.06    2724    772/114.71/35.00  6.13  34./6  I4O.04-  204.46 

-7  7.30       0          740       0         79.50  0       53.00     -/IS  /2  8.5S 

i/.97  77.46    67.63  740.03  736.54  36.&Z  30.79  255.70  245.39 

-2.06    49.93    7/.4I  / 44. 67  754.70  39.37   35.71  254.6/  2 6 2.6 1 

-6. BO  30.69    66.//   /62.ZS  /6/.4/  4577  43.26  293  O 3  29S.68 

-/0.24   23.22  113.6/  /99.4S  796.51  56-74  4530  364.72  360.5(. 

-  7.66  27.94    84.4Z2I&.6-,  2/6./7  60. 50  42.43  359.76  346  65] 


Table  XVI.   /^relim/nary  Desigtv  of  Members 


Member    EffechyeS/vss  UniiSireJ       ^--       ' 


U,             3  70640  ///OO  39.56 

"~             602300  ///OO  54  09 

/  092020  ///GO  99.94- 

lU          1630380  1 1100  /  49.44 

Us-         /  682400  /1 100  / 55.44 

L,          72// 090  7/320  706.74- 

7202000  //320  706.74- 

Lj         734  0060  7/330  720.24 

L^          /  638380  1 1 550  74/22 

■^          1976900  //550  /  72.92 

Vo            823490  8750  96.00 

Vi             6235  a  o  8760  71.25 


430660 

0)  oi^v^ 

9940 

48.25 

379  790 

10000 

3700 

128550 

8100 

7  7.64 

£40540 

/3000 

61/6 

S69  860 

/3000 

63.06 

63  6  36  O 

/3000 

75.00 

782810 

/3000 

89.00 

763  990 

73000 

8500 

A>. 
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Table  XV/l, 

Dead  Load  o/v 

One  Truss 

Pane/  Poini 

o 

1 

2 

3 

4- 

5 

1  Truss 

2.1650 

29500 

26340 

28290 

2  9940 

30160 

'/a  F/ootjbeam 

E59S 

2595 

2595 

2595 

2595 

Sj- ringer 

10900 

5060 

3O60 

3060 

3060 

3060 

TfacH 

6828 

4658 

465Q 

46Se 

4658 

46Se 

Upper  Lat 

111 

223 

233 

233 

233 

233 

Sir/rr^er  Brae. 

110 

aao 

220 

220 

220 

220 

Sv^oy  frames 

61 OO 

618 

518 

ail 

213 

210 

Lawer  Lai 

1160 

2625 

1965 

I53S 

1255 

75S 

To/al 

53410 

43269 

394 /Z 

40B6a. 

42114 

39891 

Toial  D.L. 

1069") 

8654- 

7682 

8172 

8435 

1966 

S'HS^ 

6l9a5 

41BS4 

49034 

50609 

41869 

Table  XVI/l. 


Member     '^^ 


Constants  of  ihe  Truss 


P  1  L 

y  -A 


IRmESS 


.1299 

.7660 

2.1001 

S.IOOS 

9.503O 


.2509 

.8363 

2.2973 

S.4445 

.4145 


.6623 


.2059 


.6940 

I.00&4 

1. 59 1  a 

2.6809 


1.5633 


.1296 
.3932 


.1538 
.2508 


.09  70 
.0215 


.2559 
.33&0 
.4584 


.0993 
.5349 


-3J2 
-6.41 


.7001  1.2499 
1.2154  2.6025 
I.90O6       4.0400 


.3863 
.630-1- 


i8.35 
in.9l 


.4117        1.0529         +16.66        -11.24 

.7664        1.9245        -126.12         -11.40 

1.3612       3.4/92  +38.00       -25.15 


:3I  II 
.3679 
3536 
.2433 
0542. 


5310 
.6430 
.8492 
1.15  IS 


163  7       4.113  a 
24.  5644 


-5.45 
-6.09 
-6.60 
-6.28 
-3.23 


46.27 
f8.06 
i  1 1.22 
+1502 


-2.01 

is.ei 


-17.41  +11.65 
-23.70  +15.60 
-39.15         +26.12 


-5.56 
-195 


i3.63 
+4.06 
+4.40 
+4.19 


t2/6 


-7.48 
-.10.02 


A-HMOITH 
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Table  ^Xf    Stresses   Due  i 


Panel  Loads 


a,  ~A 229  -2836     -J668[-.(n58  ^038^f.O958  f  /S3I    ±2103  i- 2676 

Uz  ~  4449  -  9 190  -  S5S3  -  2336  f  0073  f  1810+  3546  ^  5283  i.  7030 

■  ■  -  4423  -.948^  -J 516 7  ~  7961  -  24 2i  +.1701  +5833  f  9959  i- 1 4088 

>  \ 36 14   -.8215  -1. 396Z  -2. 1285  V 0336     .  1852  t . 6631  +l.5//5i-2 5J99 


Li  -. 265^ -.50 \4 -.7039 -.8616    '953^  -9334  -.333^  -.9334  -.9334 

Lz  f. 2467  -.1335  -.4690-7451   -.9074   ~.974C-I.0407 -1.1073  -1 1739 

Li  1 2551   f.  5659  -  0040  -.4893  -  8 135  -/  002Z  -/.  J 9 OS  -/.  3  796  -/.  5683 

L*  +.2423  +.5681  +.9883  i-.IIS8  -.5145  -.9408 -13670-17931  -2.2192 


Vo     \~7387\-.  4953\  ~  2 723\ -.  0765\  f. 0672\ 


H3672\4.4672\ 


I/,  -I  0237  -  7318  -460 1  -.  2189  -.  03SS  f.  098c  1 1943  +3663  +.  5004 
lA  O       -.102/5-6985 -. 4086  -  18 18  -. 0080f./559  f.3397  +.5136 

l/j     +.  040 1  t  0597 -.944^   .6289-3  729  -1676  +.  0378  +2431  h  4485 

Ml  -O  088 +.1635 
>  0      rlOOOO       0  0  0  0 

pi  i.  as  1 1  +.  570-^+.3/37  +0882},- 0775  -/927  -.3079  -.4232  -.  5384 
D^  f.0341  +.9690  +6091  +2897+0473  -1302  -.3/77  -.48Sa  -.6628 
Di  O       +0365+/I886  +.6953 +.3095  -t.0/38  -.2820  -.5778  -.8135 

D-^    -.0948-/463-./09O  +/.50S^f.894i  +.4022 -.0906  -.5853-/0760 

+1.456^ 


Table XXII  Su+imary  of  Stresses  Due  to  Unit  Panel  Loads 


1+9     24  &       3+7       4+6  5       Tohl  +     Tofa  I  -  Excess  +  Excess - 


-1554 -.0733-. 0027  +052L  +0386  .7653  .906/  .4206  .5787 
+.2571  -3907  -20O1+0528  +0073  I.  773Z  2I53C  /0566  A/528 
+.9665 +.0475  -9334  -.6260  -242i  3./58I  J.946i  1.9921  I.059O 
+2.0436  +  6900  -.  7351  '2. 3/37  -/  033S  4. 5345  5.9Z8i.3.  O230  2  9500 
+2.469c+/0920  -6/07  -2.509i  -2.39/5 4.4693  6.240I  2.979C3./98/ 
-/  7988  -/.  4348  -/.  6373  -/  7950  -933^  0  6-  9993  0  1.8  664 
-9272-72408-1.5097 -1.7/9/ -9074  2461  6.5S0i  .24672. 2l4y 
-1.3/32    8/37-7/94-9-/.59I5-.8/35   .62/0  6.4476  .5659  d.  759 a 


-29580-/. 8334  -.5663  +89 /a  +.2929  3./ 577  733/3  /.a  733 4.5/58 
-2715  - 12& I  -.  005!  +O907  +.0672  /336C  1.5828  7344  /. 0/10 
-  5<?J J  -  36S5  -  2658  -  /2C  7  -0359  /  1592  2.4  70^  694  7  I.483S 
+  5/36  +  68/8  -S3a6-4I66  -. / 8 / 8  1. 0/92  2.3/84  .6795  7.4-30/ 
+.4  686^3028+9066-7965-3729  .6292  2. //3S  4663 +.3/73 
+  2494  +.  /533  +  0463  -/ 06 7a  -. 525 7  .  6394  I.  7928  .3/33/07 Zf 
0  0  0  0       -/.OOOO       0      7.0000        0      7  0000 

+  3/2  7  +.1475 +.0056  -/04S  -0775  /.8231  /.5391  7/648  .8463 
-.628/  +4538+2914  +/595 +  0473  /.9498  /.5959 /.2S87  .960. 
-.8735-54/3  +9066  +.709/ +  3095 2.2437  /7333/.498/  7/556 
-/.  / 708  -  7296  '.  1996  /■/.  90/6+  8949  2.8056  2.  /OOO  /.9I06  /. /666 
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TableXXIII  Stresses  from  Dead  Load  Table  XXIV.  Stresses  FRonDW.L 


n     /f9    a+a   3-1-7    4^6     s  |  //^    ^/<3    Jt?   4^-6 


P       S/.9      ^7.3    49.0     so. 6   ^9-7.9   \  23. Z     /3.0     6.9       ,- 


U,  -8.07    -3.1-7     -./J   -1-2.65  -t  1.85     -362     ~96  -.02  -hi  I  f  .O^ 

6/e  -1-13.3'^ -78.48    -9.83 -f- 2.67  f  .55    i5.99    ~S.06  I.IQ    +.12  -t.OI 

Us  +50.16    +2.26  -45.71  -31.68-11.65  ^22.5^     +.62  -JSO    -1.38  -.36 

LTf.  H24.93  +32.64 -56.02  717.06  -49.5Cf 4774    +8.97  -4.33     SOS  - /.S6 

Us  ^15749  +51.65 -29.92.-/27.00':/ 14.56+6/ 72  +14.20  -560     SSL  -3.S9 

Li  -62.22-6187 -80.22-90.a3\-44.7/   -2792-/ 6.65  -9.66     '3.96  - /.40 

1^  -48.12  -58.69-75.97  -86 9S^-'^3.46  -21. 60  -76.75  -8.90    -3.76  -1.36 

J  -68.16  -3 8.4S -58.54 -80.53 -36.96 -30.60-/0.56  -7  06   -3.50  -/2Z 

L-,  -/ 02.60 -57.94 -18.56  -41.75 -24.6'+  -46.06 -/5.92  -2.23-1.82.  -.77 

Ls  -/S3.52\~86.72  -27.75  f45./0+ 14.03 -68.92  -23.82  -5.34  -71.9  6  4.44 

l/o  -I4  09\    -6.0C     -.25+459+3.22.    -6.32     -1.67  -.03     +.20  4.10 

^1  -27. 1 6\- 77  29  -73.02-6.11       -772-/2.I9     -4.75-/57     -27  -.06 


/a  +26.66-32.25 -260S -2/08  -8.71 +11.97  -8.86-3.14  -.92 
yj  +2536  +1432  -4442  -40.30  -7786  +1138  +5.9+  -5.35  -1.75 
"      +  72.94  \ +  7 2  7   +2.27  55.0/\-25./8  +5.81     +2.00     +.27    -2.39 


D,  /-/6.23  +6.98   +  .25 -5.29    -3.71    +731  +7.91      +.03     -^3 

Oi  -32.60  +22.88  +14.28  +8.07  +2.26  -14.63  +629   +772     +.35 

Ds  -45.3  7  -2560+4442 +3588+ /4.62  -20.35  -7.04    +5.36+756 

£h  -60.76-545/     -9.18+96.67+42.87-27.28  -9.48-7/8    +4.20 

Ds  -36.16^/9.97     -6.56 +/0.62 +6976  -76.22  -5.48     -.79+4.62 


Table  XXV.  Stresses  from  Live  W//yD  Loads 


+.46 
+  /.3^ 
+  2.18 


36.8     22.8  \   73.1    \     7.9  \ 


U.  -/5.S5  -647  -204    -.35 

Ui  -76.56  -20.96    -728    -785 

Ui  -/6.2&  -21.63  -/9.81   -6.Z9 

U*  -13.50  -18.73  -18.33  -16 8^ 

Us  -4.45   -9.0&  -/0.56  -//./3 

L,  -9.16    -11.42    -923    -6.81 

Lz  +9.08    -3.04    -6./5  -589 

Ls  +9.40  +/2.89     -.06  -3.87 

L^  +8.93+72.96   +72.96    f.SZ 

Ls  +5.53    +9.63  +//.Oa+//.45 

Vo  -2720-//29     -3.57     -.60 

y,  -31.7 S  -76.67     -6.03    -773 

Vi  O      -2327     -9.77    -3.23 

/j  +1.47   i/.3 6-/2.31   -4.97 

I/*  +3/6     +3.7/   42.93     -5.12 
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